Background and Purpose-To examine the incidence and trends of stroke and its major subtypes during the 1990s in 3 cities in China. Methods-Stroke cases registered between 1991 to 2000 were initially identified through the stroke surveillance networks established in Beijing, Shanghai, and Changsha, and then confirmed by neurologists. Results-The age-standardized incidence rates per 100 000 person years of overall first-ever stroke were 135.0 (95% CI, 126.5 to 144.6) in Beijing, 76.1 (70.6 to 82.6) in Shanghai, and 150.0 (141.3 to 160.0) in Changsha during the 1990s. Incidence of ischemic stroke (IS) was highest in Beijing, followed by Changsha and Shanghai; for intracerebral hemorrhage (ICH), the highest rate was found in Changsha, followed by Beijing and Shanghai. The same order as ICH was also observed for subarachnoid hemorrhage. The age-adjusted incidence of overall stroke and ICH for individuals Ն55 years of age in our populations was generally higher than that from Western populations. During the 1990s, ICH incidence decreased significantly at a rate of 12.0% per year in Beijing, 4.4% in Shanghai, and 7.7% in Changsha; in contrast, except for Changsha, IS incidence increased in Beijing (5.0% per year) and Shanghai (7.7%). Conclusions-There is a geographic variation in the incidence of stroke and its subtypes among these 3 cities, but the incidence of overall and hemorrhagic stroke in China is generally higher than that in the Western countries. Interestingly, the decrease in ICH and increase in IS during the past decade may reflect some underlying changes of risk factors in Chinese populations. (Stroke. 2006;37:63-68.)
I n China, the incidence of stroke is higher than that of coronary heart disease, 1 and the proportion of hemorrhagic stroke is also high. 2, 3 These epidemiological features are very different from those of Western countries [1] [2] [3] [4] [5] and may imply different risk factor profiles.
Stroke is not a homogeneous condition but rather a mix of clinically distinct subtypes that have different etiological and epidemiological characteristics. Although ischemic stroke (IS) and hemorrhagic stroke share some common risk factors such as age and hypertension, the population-attributable risks from these individual risk factors vary by stroke subtypes, and thus the prevention strategies are also different. Therefore, from a public health perspective, it is important to understand the incidence and secular trends of stroke subtypes in rapidly developing areas such as China.
In the 1990s, we conducted a large-scale community-based stroke prevention trial in Beijing, Shanghai, and Changsha, 3 cities with high stroke incidence. 6, 7 Intervention included community-based health education and management of high-risk population in the intervention communities but no special intervention in the control communities. For this trial, we established community-based stroke surveillance networks in all research communities. Here, by taking advantage of the stroke surveillance data in the control communities, we examined the incidence and trends of stroke and its major subtypes in these 3 cities.
Subjects and Methods

Study Populations
Beijing, Shanghai, and Changsha are 3 cities located respectively in the northern, eastern, and central southern parts of China. The design and method of the intervention trial have been published previously. 7 Briefly, 2 communities, each with Ϸ50 000 residents of similar age and gender distributions, were selected in each city as either the intervention or control community. The current investigation was limited to the control populations. Annual demographic information on age and gender distributions of each community was obtained from local police stations during 1991 to 2000. Temporary residents and individuals who registered in the local police stations but did not actually reside in the communities were excluded.
Stroke Report Network
At the beginning of the intervention trial, community-based stroke surveillance networks were established in all research communities to identify incident stroke cases. 7 Three centers, the Beijing Neurosurgical Institute, the Institute of Neurology at Huashan Hospital in Shanghai, and the Institute of Neurology at Xiangya Hospital in Changsha, collaborated in the study design and data collection. Doctors of the preventive medicine departments in local community hospitals, which provide basic and comprehensive medical and public health services to local residents in China, were recruited in this project as our grassroots network. They established close ties with directors of local residents committees (RCs) and building gate volunteers who were trained to identify and report stroke cases.
Case Ascertainment and Quality Control
During the study period, possible stroke cases were initially reported to the 3 collaborating centers through the public health workers, who got the information from directors of RCs or building gate volunteers when doing their daily routines. The centers then sent a neurologist or neurosurgeon to visit the patient at home or hospital as soon as possible. Detailed clinical information on each case, including clinical signs and symptoms, previous medical history, medication, and computerized tomography (CT)/MRI results, was obtained during the visit. Cases that did not go to the hospital or died at home (5.2% of first-ever stroke) were also identified during medical workers' routines and supplemented by our annual door-to-door inquiries to the RCs directors and building gate volunteers for each building. Such surveys were conducted annually from January to March by the research group, and the research team would pay a home visit immediately if a case was identified during the survey. Fatal stroke patients who died at home were obtained from eyewitnesses (patients' relatives) and monthly review of death certificates. In China, all deaths are legally required to be reported by patients' relatives to the local medical workers for cremation and household cancellation.
To ensure the quality of information collection, all staff members, including the public health workers, received annual training on how to survey and register incident stroke patients according to our standard operational manual. Further, investigators from all 3 centers met annually to review research progress and to resolve problems encountered during study.
Stroke Diagnosis and Classification
The diagnosis and classification of stroke were performed according to a slightly revised version of the one used in the Atherosclerosis Risk in Communities (ARIC) Study. 8 Briefly, the minimum criteria for a definite or probable stroke diagnosis included evidence of sudden or rapid onset of neurological symptoms lasting for Ͼ24 hours or leading to death in the absence of evidence for a nonstroke cause. Exclusions included major brain trauma, neoplasm, coma attributable to metabolic disorders or disorders of fluid or electrolyte balance, vasculitis involving the brain, peripheral neuropathy, hematologic abnormalities, or central nervous system infections. Transient ischemic attacks and silent brain infarctions (cases without clinical symptoms and signs) were not included.
Stroke subtypes were defined according to published criteria 8 and then grouped into 3 major types: IS (including thrombotic brain infarction, cardioembolic stroke, and lacunar infarcts), intracerebral hemorrhage (ICH), or subarachnoid hemorrhage. Cases that fell in 2 different diagnostic categories or did not go to the hospital or died at home were assigned as undetermined stroke.
Statistical Analysis
The incidence of first-ever stroke and its major subtypes was calculated by dividing the number of incident cases by person years of follow-up. The incidence of overall age groups was directly standardized to the 5-year age distribution of the Segi's world population. The 95% CIs for all incidence rates were also calculated. 9 The incidence of stroke for participants Ն55 years of age in these 3 urban populations was compared with that from other populations and standardized to the 10-year age distribution of the Segi's world population.
The average annual change in stroke incidence was calculated by using a regression model: log(R t )ϭ␣ϩ␤⅐t. Annual percentage change equals 100⅐(exp␤Ϫ1), where ␤ is the maximum likelihood estimate of the slope parameter and exp␤ estimates the relative risk associated with 2 consecutive years. Because (exp␤Ϫ1) approximates ␤ for small changes, 100⅐␤ percent of the incidence rate at time t is given to denote the instantaneous change rate per year at time point t. Age-standardized incidence was used in this analysis. 1
Results
Patient Characteristics
During 1 505 176 person years of follow-up, we identified a total of 3015 patients with a first-ever stroke in the 3 urban communities, including 1643 (54.5%) cases of cerebral infarction, 1157 (38.4%) ICHs, 34 (1.1%) subarachnoid hemorrhages, and 181 (6.0%) unclassifiable. Among these cases, there were more men (nϭ1577; 52.3%) than women (nϭ1438; 47.7%). The average age at onset was 70.2Ϯ9.9 years (men 69.6Ϯ10.2; women 70.9Ϯ9.6), with 93.7% of the cases Ն55 years of age. Stroke subtypes were confirmed by CT/MRI neuroimaging in 2462 cases (81.7%). Nearly all patients (94.8%) were hospitalized for the condition. The proportion of ICH was the highest in Changsha (51.5%), followed by Shanghai (34.6%) and Beijing (26.7%). The characteristics of the study populations and registered firstever stroke cases in the first and last year of follow-up are presented in Table 1 .
Incidence Rates of Stroke Subtypes
The overall age-adjusted stroke incidence was the highest in Changsha (150.0 per 100 000 person-years; 95% CI, 141.3 to 160.0), followed by Beijing (135.0; 126.5 to 144.6) and Shanghai (76.1; 70.6 to 82.6; Table 2 ). Changsha also had the highest ICH incidence among the 3 cities, whereas Beijing had the highest rate in IS; interestingly, for both subtypes, Shanghai had the lowest rates. Generally, women had lower incidence of stroke than men, and similar geographic ranking in the incidence of stroke and its subtypes was found in both men and women. Additional information on the age-specific incidence of stroke and its major subtypes are presented in supplemental Tables I through IV, available online at http://stroke.ahajournals.org.
The Figure compared the age-adjusted incidence for individuals Ն55 years of age in our study populations with that of other populations from published literature. 10 -22 The incidence of overall stroke and ICH was substantially higher in Beijing and Changsha than in Western populations.
cesses to medical service in 3 large metropolitan cities of China. The Chinese traditional family structure with 3 generations living together made it possible for most stroke patients to be readily identified and sent to hospitals. Their neighbors were often notified and offered additional help. All possible stroke cases were initially identified through stroke report networks established in these communities, supplemented by annual door-to-door inquiries, and were subse- quently confirmed by our study neurologists according to standard diagnostic criteria. The final diagnoses of stroke and its subtypes were uniformly made based on available clinical and neuroimaging information. Cases with death certificate only or identified only by CT/MRI during medical examinations without clinical symptoms and signs were excluded from the analysis after being reviewed by Ն3 participating neurologists. This alleviates some of our concerns that the increasing trend of IS was a result of increasingly used neuroimaging technology over years. Consistent with a previous report, 23 we found stroke incidence was the highest in Changsha, followed by Beijing and Shanghai. Despite the general geographic gradient with a higher incidence of stroke in the north than south in China, 1, 24 there is evidence that the southern city of Changsha has an unexpectedly high rate of stroke incidence, 3,23-24 and the reasons for this exception should be further investigated.
Previous population-based studies found that 45.5% to 75.9% of all strokes in China were IS 2 compared with 67.3% to 80.5% in Western countries, 5 and the numbers for hemorrhagic stroke were 17.1% to 55.4% in China 2,3 and 6.5% to 19.6% in Western populations. 5 Consistent with these previous findings, the current study found that proportionally Chinese populations had relatively more hemorrhagic strokes and fewer ISs. These differences were also obvious when the incidence was compared. Compared with Western populations, the age-adjusted stroke incidence among individuals Ն55 years of age in Beijing and Changsha was among the highest reported; this was particularly true for hemorrhagic stroke. Interestingly, in all 3 cities, the incidence of hemorrhage stroke was decreasing and ischemic was increasing during the past decade, suggesting that the stroke subtypes of Chinese populations are rapidly adopting a Western pattern. Although genetic reasons could not be excluded in explaining the Chinese-Western difference in stroke incidence and compositions, our trend analysis indicates a role of environmental factors.
With the economic booming in China, Chinese populations are rapidly adopting Western lifestyle and dietary habits, including increased energy intake, fat intake, and alcohol consumption, and decreased physical activity and cigarette smoking. 25, 26 These changes may have resulted in increased prevalence of obesity, hypertension, diabetes, and hypercholesterolemia in Chinese populations 6, 25 and may also help explain the increasing trend of IS as observed in this study. Uncontrolled hypertension and high prevalence of smoking might partially explain the hemorrhagic stroke predominance among Chinese in the past, and the increasing awareness of hypertension control and decrease in cigarette smoking 26 may have contributed to its decrease in the past decade. On the Age-adjusted incidence rates (per 100 000 person years) for first-ever-in-a-lifetime by stroke type in people Ն55 years of age from populations worldwide.
other hand, the increasing prevalence of hypercholesterolemia, which is inversely associated with the risk of hemorrhagic stroke but positively associated with the risk of IS in eastern Asian populations, 27 might have also contributed to the changing pattern of stroke subtypes.
The use of neuroimaging techniques makes it easier to identify mild stroke cases and to accurately classify its subtypes. The increasing use of neuroimaging techniques in our study populations for stroke diagnosis may potentially contribute to the observed increase of IS incidence. However, this cannot explain the decreasing trend of hemorrhagic stroke. On the contrary, the simultaneously increasing use of neuroimaging and decreasing incidence of hemorrhagic stroke suggest a real decline in the incidence of hemorrhagic stroke.
With the rapid aging of Chinese populations in the years to come, the public health burden associated with stroke will increase substantially. This will be accompanied by a Westernization of stroke subtype composition probably as a result of the adoption of Western diet and lifestyle by the Chinese. These behavioral changes will not only result in more IS but also may contribute to increasing incidence of other chronic diseases such as diabetes, cardiovascular diseases, and cancer. Therefore, there is an utmost urgency to face these challenges and to launch appropriate public health campaigns to prevent the occurrence of these chronic diseases. 
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